Deals with a study of the mineralogical and organic components of the monthly dust-fall deposited over Al Ain city, some 150km east of Abu Dhabi and 130km southeast of Dubai. The identification of the mineralogical and organic composition was carried out by means of infrared spectroscopy. This study reveals that the principal constituents of dust-fall over the studied city are calcite, gypsum, kaolinite, quartz, hematite, alkanes and phosphines. The sources of these constituents are attributed to local controls, both natural and man-induced.
Introduction
Airborne minerals are of critical importance to public health. Some of them, such as the silicate minerals are very dangerous to humans and can cause serious and fatal illness, not only to those individuals with heavy occupational exposure, but also in people who live near the emission source. The most important factors that may relate to health effects of the airborne minerals are particulate diameter and associated organic species. The present work is a part of a detailed study, aiming at estimating and monitoring the changes in the levels of air pollution in Al Ain, the seat of the United Arab Emirates University. The study deals with the monthly dust deposits, as a simple and reliable tool for illustrating the degree of pollution within this area. Monthly deposits were collected from 12 selected sites, distributed within the urban area. These deposits were chemically and mineralogically analysed. This paper discusses only the qualitative identification of the mineralogical and associated organic constitution of the dust deposits.
Methodology

Sampling sites and dustfall collectors
Twelve sampling sites were chosen in the various parts of Al Ain. These are given numbers 1-12 and shown in Figure 1 . Cylindrical glass jars of the same type previously used in Egypt and some of the Gulf countries (Hindy, 1977; Khalaf et al., 1985) were utilised as collectors. They were half-filled with distilled water and mounted on iron tripods at a height of 50cm, to avoid the collection of dusts picked up by wind eddies from the underlying surface. These devices were placed above the roofs of buildings at the selected sites. The monthly deposits collected from various sites were regularly transported to the geology department, UAE University for analysis.
Mineralogical and organic constitution study
Qualitative analysis of the mineralogical and organic constituents of the dust deposits was carried out by means of infra-red spectroscopy. Samples were prepared for spectroscopic examination in the form of powder distributed through a matrix of compressed alkali halide (potassium bromide of infra-red quality). All the spectra obtained were recorded on a Fourier Transform (FT-IR-8101) infrared spectrophotometer, manufactured by Shimadzu Co., Japan. (See both the organic and published literature of the first authors who discovered the significant spectral bands of these groups and minerals.)
Results and discussion I. Interpretation of spectra Associated organic species are found in two forms, namely saturated aliphatic hydrocarbons (alkanes) and organic phosphorus compounds (phosphines). These are discussed in the following section.
Carbonates
The carbonate group appears most in the form of calcium carbonate (CaCO 3 , calcite) which was identified through its spectral peaks at 2,517, 1,798, 1,435, 876 and 712 cm -1 wave numbers Kerr, 1962, 1963a; Hunt et al., 1950) ; band Nos. 8,11,13,15 and 18, respectively; Figure 2 ). Calcite appears in all the spectra obtained for dustfall over the 12 sampling sites.
Sulphates
Infra-red spectroscopic analysis showed the presence of sulphate as hydrated calcium sulphate (CaSO 4 , 2H 2 O, gypsum). Two of its spectral peaks appear clearly at 3,409 and 1,620cm -1 wave numbers in the spectra obtained for dustfall samples collected at most of sampling sites (band Nos. 4 and 12, respectively, Figure 2 ).
According to Hertzberg (1945) , Hunt et al. (1950) and Hunt and Turner (1953) , these two bands are of diagnostic character for indicating the presence of gypsum.
Clay minerals
Infra-red spectra obtained of dustfall in the studied area indicate the presence of clay minerals in the form of kaolinite in the dust deposited over the 12 sites of observation ( Figure 2 ). This is shown through the diagnostic spectral peaks of the kaolinite (Al 2 Si 2 O 5 (OH) 4 ) which are present at 3,677, 3,613, 3,547 and 1,030 cm -1 wave numbers (Coblentz, 1962; Hunt et al., 1950; Hunt and Turner, 1953; Nahin, 1955) . These bands are given Nos. 1, 2, 3 and 14, respectively in Figure 2 .
Quartz
The presence of silicon dioxide (SiO 2 ) as quartz (crystalline form) was evident through examining the obtained spectra. Three absorption frequencies at 797, 779 and 694 cm -1 wave numbers are characteristic of this mineral (Hunt and Turner, 1953; Saksena, 1940; Zussman, 1967) . These are shown in the analysed samples collected at all sites of observation (band Nos. 16, 17 and 19, respectively, Figure 2 ).
Iron oxides
Iron oxides were identified in the dustfall collected at all sites. A diagnostic absorption band appears at 459 cm -1 wave number in the obtained spectra (band No. 20, Figure 2 ). This band indicates the presence of iron oxides in the form of hematite (Fe 2 O 3 ) in the analysed samples (Zussman, 1967) .
Alkanes
Alkanes (saturated aliphatic hydrocarbons containing methylene group) of the general formula: C-CH 2 -C, could be identified in all the analysed samples through three absorption bands at the wave numbers: 2,982, 2,924 and 2,874 cm -1 (Cross, 1960; Silverstein and Bassler, 1968) . However, the intensity of the three bands (Nos. 5, 6 and 7, respectively, Figure 2 ) varies from one spectrum to another, depending on the original concentration of the hydrocarbons in the analysed sample.
Phosphines
Infra-red spectroscopic examination showed the presence of phosphines; PH 3 (organic phosphorus compounds) in the analysed samples. Two absorption bands at 2,367 and 2,345 cm -1 wave numbers were recorded in all the obtained spectra (band Nos. 9 and 10, respectively, Figure 2 ). These two bands are owing to the P-H stretching vibration in the phosphine compound (Cross, 1960; Silverstein and Bassler, 1968) .
II. Source definition Carbonates
Eocene carbonate-rich rocks exposed in Jabal Hafit, that overlooks Al Ain, the nearby Jabal Malaqet and Jabal Mundassah, that have virtually the same composition, are the main natural sources of the carbonate dust. However, the principal man-induced source of the carbonate dust (calcite) is believed to be the kilns of the cement factory located to southeast of the city (Figure 1 ). It is also expected that the crushing plant for limestone rocks situated in this factory disperses considerable amounts of calcite dust into the atmosphere of Al Ain. Another common source of calcite dust may be the limestone rocks quarried at Jabal Hafit (Figure 1) by the same factory.
Sulphates
Sulphates in the form of gypsum (CaSO 4 . 2H 2 O) occur in the area extending along the eastern flank of Jabal Hafit, where it covers the lower limb and hinge zone of the overturned syncline which marks the eastern margin of Jabal Hafit (Hunting, 1979) .
Recrystallised gypsum is very common in the overburden of this area, being derived by the evaporation of groundwater, drawn up towards the surface by capillary action. Elsewhere, the gypsum has recrystallised as dykelike bodies up to 20cm thick, which protrude from the surface of the gravel plain. These veins often have a common orientation but they are not related to bedrock gypsum and are purely the result of recrystallization within the overburden (Hunting, 1979) . Gypsum from Jabal Hafit is quarried, crushed and used as a raw material in cement manufacturing in the Al Ain cement plant. However, the absence of gypsum bands from some of the obtained infra-red spectra can be attributed to the limited use of gypsum, being a mixing material for cement production as opposed to calcite, which represents the principal raw material of the cement industry. For example, the annual consumption of limestone by the Al Ain the cement plant is 720,000 tonnes, whereas that of gypsum is 50,000 tonnes. This is reflected in the smaller dispersion of gypsum into the atmosphere of the city when compared with calcite.
Clay minerals
Undoubtedly, most of the clay minerals contained in the dustfall over Al Ain are associated with natural sources. For example, the youngest unit of the Jabal Hafit sequence is represented by the mottled clay unit of the Miocene age. It consists of brown, orange and cream mottled gypsiferrous clay, with thin limestones and dolostones. This unit is exposed in the west side of the Al Jaww Plain (Figure 1) (Hunting, 1979) . Another unit of the Miocene age is also restricted in outcrop to the eastern limb of Jabal Hafit. The main lithologies of this unit are interbanded gypsum and clay (Hunting, 1979) .
Wind-blown dust in Al Ain should, therefore, contain a considerable portion of clay grains. These are produced through the erosion of the above two units.
Quartz
The principal sources of quartz contamination of the atmosphere of Al Ain are : 1 the finer components of the relatively loose sand forming the different types of dunes on the hills surrounding the city; 2 the industrial activities taking place in the city, especially those associated with the cement industry (40,000 tonnes annual consumption) ; and 3 the downwash materials drained by wadis from the mountains (Al Jaww Plain).
Iron oxides
Previous investigation (Hindy and Baghdady, 1996) had shown, through microscopic examination of dustfall grains in Al Ain that most of quartz grains contained in the dust are coated by thin iron oxide films, which sometimes fill the fractures in the quartz grains. This means that the coating is likely a surface phenomenon related to desert varnish (Duff, 1993) in the Al Jaww Plain, to the east of Al Ain. Also, iron oxide-rich surface and percolating groundwater deposits small veinlets of hematite-limonite in the region. This is well illustrated in Jabal Hafit, for example.
Alkanes
The major source of these compounds is the combustion products of fuels, such as gasolene, diesel and to a lesser extent, wood. The alkanes are produced during incomplete combustion of these fuels where traces of paraffin are emitted into the atmosphere unchanged, or only partially cracked. In the case of gasolene engines, unburned fuel is emitted into the air through: 1 carburettor and fuel tank evaporation; 2 crankcase blow-by; and 3 tail pipe exhausts of unburned fuel.
The latter two categories may include compounds that will be in the form of droplets at ambient temperatures (Farag et al., 1979) . More recently, Hindy (1980) reported that limestones and other carbonate rocks are responsible, among other known sources, for the build-up of aliphatic hydrocarbons in airborne particulate matter in nearby areas. These rocks are intensively quarried in the high ground to the southeast of Al Ain, for use in the local cement factory.
Phosphines
Phosphine is one of the organic phosphorus compounds that are commonly adsorbed on clay minerals (Muller and Tietz, 1966) . It is usually produced through anaerobic bacterial action on the organic deposits formed by the organisms (Day, 1963) . Clay minerals are widely distributed in Al Ain, either in natural sources (e.g. as explained under "clay minerals" above) or by mechanical weathering of cultivated soil in the Al Ain area and vicinity.
